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PROCESS TO IMPROVE STABILITY OF A PHARMACEUTICAL COMPOSITION 



The present invention do scribes In particular a method to improve the stability of a 
pharmaceutical composition by contacting said composition with a polymeric material 
comprising In particular an ethylene oodde sterilization step. 

Pharmaceutical compositions, in particular aqueous pharmaceutical compositions are 
typically provided in containers, which containers must be sterilized before filling. A problem 
arises if a container comprises a squeezable material such as polyethylene <PE), 
polypropylene (PP) and / or polyethylene terephthalate (PET) because these materials may 
for example not be treated with heat because these may melt. Alternative steriDzation 
treatments are known In the prior art and Is for example ethylene oxide (ETO) treatment or 
gamma irradiation treatment 

We have found that the stability of an aqueous pharmaceutical composition is typically 
unacceptable If filled Into PE containers which have been previously sterilized by gamma 
Irradiation treatment as known and practiced in the prior art. 

Further we have found that the problem may be solved if the sterilization of an empty PE, PP 
and/or PET container Is carried out with ETO e.g. as known and practiced in the prior art 
before filling said empty container wtth an aqueous pharmaceutical composition. 

The present Invention therefore relates In particular to the use of an ETO sterilized PE, PP 
and/or PET container to Improve the stability of an aqueous pharmaceutical composition. In 
particular to Improve the stability of a composition being susceptible to oxidative degradation. 

As used herein, ETO sterilized, refers in particular to the treatment steps of: 
Exposing a container, in particular an empty PE, PP and/or PET container, to ethylene oxide 
(ETO) at room temperature, at a concentration and for a time sufficient to achieve sterility; 
and thereupon, removing said ETO under aseptic conditions from said container for a period 
sufficient to achieve en ETO content of less than 1 ppm. 

Therefore, an ETO sterilized container is typically a container, which has been subjected to 
said treatment steps. 
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The following parameters are preferably applicable for said ETO sterilization procedure: 
The ETO concentration is typically characterized by its composition, namely it contains for 
example 25% (voL / vol. at room temperature) nitrogen, more preferably 50% and in 
particular 75% nitrogen and/or carbon dioxide. 

The ETO exposure time sufficient to achieve sterility Is generally carried out for a time of 0.5 

- 24 hrs, preferably 2 - 15 hrs and more preferably for a period of 3 - 12 hrs. 

The ETO removal time, tor a period sufficient to achieve an ETO content of less than 1 ppm, 
b typically for a period of 1 - 20 days, preferably 5-15 days, and more preferably for 8 -10 
days. 

Removing of said ETO is typically carried out by air diffusion and/or by flushing said 
container aseptjcaDy with a gas selected from nitrogen, argon, carbon dioxide, air and 
preferably with nitrogen. 

The present invention further relates to a method to Improve the stability of a pharmaceutical 
composition which Is sensitive towards oxidation, comprising the steps of: 

- exposing a squeezable container, In particular an empty PE. PP and/or PET container, to " 
ethylene oxide (ETO) at room temperature, at a concentration and for a time sufficient to 
achieve eterifity, 

- removing said ETO under aseptic conditions from said container for a period sufficient to 
achieve an ETO content of less than 1 ppm, 

- transferring under aseptic conditions a pharmaceutical composition Into said sterilized 
container, and 

- closing said container comprising said pharmaceutical composition with a closing device. 

The above method steps are typically carried out in a conventional manner or in an 
analogous manner to that described In the examples or in a manner as described in the 
examples. 

in the context with the present invention the preferred embodiments are described above 
and below. 

As used herein, stabilization relates to the stability of the pharmaceutical composition In total 
and in particular to the stabffity of the active ingredient itself when exposed to storage (shelf 
Dfe stability). 
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The term squeezable material relates preferably to a plastic material and In particular to low 
density polyethylene (LDPE), high density PE (HDPE), polypropylene (PP), (PET) and 
mixtures thereof. A preferred material \a LDPE and HDPE, even more preferred b LDPE. 

The term container relates preferably to a bottle, in particular to a bottle as used for 
providing liquid aqueous pharmaceutical compositions. A highly preferred container is a 
bottle comprising LDPE 

Consequently, the term container relates In particular to a polyethylene bottle and in 
particular to a LDPE bottle. Such bottles may optionally contain further auxiliaries such as a 
Oght absorbing material e.g. titanium dioxide, a color pigment, a UV-absorber, an antioxidant 
and/or the like. 

As used herein, the LDPE material typically contains no antioxidant, however HDPE may 
contain an antioxidant such as e.g. butythydroxytolugne (BHT). In an example, a bottle is 
manufactured from LDPE containing no antioxidant, its cap from HDPE containing BHT. 

A pharmaceutical active compound is e.g. selected from the group of compounds which act 
for example as: 

Anti-inflammatory drugs, such as steroids, e.g. dexamethasone, fluorometholone , 

hydrocortisone, prednisolone; or so-called non-steroidal anti-Inflammatory drugs (NSAID) 

such as COX-inhibftors, e.g. diclofenac ketorolac, or Indomethacin; 

Antiallergic drugs, selected e.g. from cromolyn, ketotifen, levocabastine, olopatadine, and 

rlzabene. 

Drugs to treat glaucoma (in particular intraocular pressure treatment), selected e.g. from 
Jatanoprost, IWceto-latanoprost unoprostone isopropyl, betaxofol, clonidine, levobunolol and 
timolol; 

AntHrrfective drugs, e.g. selected from chloramphenicol, chlortetracycline, gentamyctn. 
neomycin, ofloxacin, poryrnyxin B and tobramycin; 

Antifungal drugs, e.g. selected from amphotericin B, fluconazole and natarnycin; 
Anti-viral drugs such as acyclovir, fomMreen, ganciclovir, and trffluritfine; 
Anesthetic drugs, e.g. selected from cocaine hydrochloride, Rdocaine and tetracaine 
hydrochloride; 

Miotics, e.g. selected from carbachoi. pilocarpine and prrysostigmine; 
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Carbonic enhydrase Inhibitors, e.g. selected from acetazoiamide and dorzolamlde; 

Alpha blocking agents, e.g. selected from apradonidlne and brimorudine; and 

Antioxidants and/or vitamins, e.g. selected from retinol, retinol acetate, and retinol palmrtate. 

Preferred pharmaceutica&y active compounds are selected from the group of anti- 
inflammatory drugs, antiallergic drugs and drugs to treat glaucoma 

Other preferred pharmaceuticaDy active compounds are selected from the group of 
diclofenac, 15-keto-iatanoprest, ketorolac, ketotffen, latanoprost, levobunolol, IsvocabastJne, 
ofloxacin, pilocarpine, polymyxin B, prednisolone, retfnofc acid, retinol, retinol acetate, retinol 
palmftate, tetracycline, unoprostone Isopropyl, and pharmaceuticaOy acceptable salts 
thereof. 

More preferred pharmaceutically active compounds are selected from the group of, 
betaxolol, chloramphenlool, diclofenac, ketotifen. levobunolol, ievocabastine, pilocarpine, 
retiholc acid, retinol, retinol acetate, retinol palmrtate, unoprostone isopropyl, and 
pharmaceutically acceptable salts thereof. 

Highly preferred is ketotifen. retinolc acid, retinol, retinol acetate, retinol pairnftate, 
unoprostone isopropyl, and pharmaceutically acceptable salts thereof. 

Very particular preferred is ketotifen and pharmaceutical ly acceptable salts thereof,e.g. the 
hydrogen fumarate ( hereinafter. this salt is often referred to as Compound A). 

As used herein, a pharmaceutical composition Is characterized by the earner wherein said 
pharmaceutical active compound is mixed, suspended, dissolved and/or partially dissolved. 
Such a carrier may be chosen e.g. from a wide variety of carriers used preferably for 
ophthalmic compositions. It may be based on a solvent selected from the group consisting ol 
water, mixtures of water and water-mlsdble solvents, such as C,- to Cr-eJkanote, e.g In the 
case of compound A glycerol. A highly preferred carrier is water. The concentration of the 
carrier is, typically, from 1 to 1O00O0 times the concentration of the active Ingredient The 
term aqueous typically denotes an aqueous composition wherein the carrier Is to an extent of 
>5Q%, more preferably >75% and in particular >90% by weight water. 
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A preferred pharmaceutical composition is preferably adapted to ophthalmic prerequisites 
(e.g. ocular compatibility) and is in particular an ophthalmic composition. 

For Compound A typical concentrations are: 
i) 0.025% 
B) 0.05% 

Further preference is given to a pharmaceutical composition which is suitable for ocular 
administration. Therefore such a pharmaceutical composition preferably comprises further 
Ingredients In order to meet the prerequisites for ocular toierabffity. 

In a particular aspect, the present invention relates to the stabilization of an ophthalmic 
composition and in particular to an aqueous ophthalmic composition. 

Further aspects of the present invention are those disclosed In all dependent and 
Independent claims. 

A further aspect of the present invention is the use of a LDPE bottle, which has been 
subjected to ETC- exposure e.g. In accordance to the working examples of the present 
application, for improving the stablfity in particular towards oxidation of an ophthalmic 
composition, e.g. a ketotifen 0.025% solution, which composition is subsequently transferred 
Into said bottle In accordance to the disclosure of the present invention. 

As used herein % refers to weight / weight (WAV) if not specified differently. 

The pharmaceutical compositions of the present invention may be used for the known 
indications of the pharmacologically active agent 

In a further aspect the present invention provides a container containing a sterile 
pharmaceutical composition, which container has been ETO sterilized and is obtainable by a 
method or process as described above, 

a) wherein the active is other than ketotifen 

b) contains ketotifen and Is produced other man a process as described In an example. 
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In yet a further aspect the present Invention provides an unclosed ETO sterilized container 
containing a stsrQe pharmaceutical composition. 

In yet another aspect the present invention provides an unclosed container treated by ETO 
as described herein containing a sterile pharmaceutical composition, in particular a ketotifen 
composition. 

The closing device of an above described container may be manufactured from PE, pp and / 
or PET, such as HDPE, and might still be sterilized by gamma irradiation, in particular ti said 
closing device will - to a substantial degree - not contact an above pharmaceutical 
composition. 

Example 1 

Ophthalmic eye drop composition comprising ketotifen. 

The manufacture of the ophthalmic solution is described for a typical example. AH the 
Ingredients are dissolved in water for Injections and the pH of the solution Is adjusted. The 
solution Is then brought to the final weight and sterOe-f Utered into a bulk container which fa 
then used to fill the product Into sterilized containers. Manufacture is carried out according to 
GMP guidelines. 

The solution is filled into pre-steriUzed bottles end plugged and capped with sterile 
components within a sterile environment using aseptic techniques. 

Development studies showed that steam sterilization (Le. terminal sterilization) was not 
acceptable due to heat-eensWvtty of product and container (PE-bottie). Sterilization by 
filtration with subsequent aseptic filling into sterile containers is standard Industry practice for 
ophthalmic solutions. 

The bulk solution is routinely assessed for bioburden prior to sterile filtration and the EU limit 
of 10 organisms per 100 ml is adhered to. The sterilizing grade membrane raters ere tested 
for Integrity and checks on pH, oamoiaOty, odor and physical appearance provide suitable In- 
process controls. 
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A ketotifen eye drop solution comprises e.g.: 



Composition 




ketotifen hydrogen fumorats 
(ketotifen content) 


0.0345% 
(0.025%) 


glycerol, pure compound 


2.125% 


benzalkorttum chloride 


0.01% 


sodium hydroxide 1N 


0.074% 


water for injection ad 


100 ml 


PH 


5.32 


Osmolality (mOsrnol) 


240 



The stability of the example 1 composition fe investigated for their shert stability In containers 
(or packaging components) being sterilized with different methods of sterilization. 

The packaging components of Ketotifen 0.025 % Eye Drops are sterilized by gamma 
irradiation with a minimum dosage of 25 kGy (sample III). Six batches of 10 to 400 Dtres are 
mads for stability testing. 

The release results from these batches are satisfactory with no significant variation between 
batches. However, the results of stability tests show significant differences. While some 
batches remain stable for a longer time, others show a significant decrease of the active 
compound ketotifen fumarate already within months. It Is presently assumed that this 
phenomenon may be related to the gamma irradiation of the bottles. Therefore, an 
accelerated stability study b carried out to test this hypothesis. Ketotifen 0.025% Eye Drop 
solution Is filled Into untreated bottles, gamma Irradiated bottles and bottles sterilized by 
ethylene oxide and aQ the samples are stored at 80°C for 15 hours. The test results are 
compared In the table reproduced infra: 

Based on these data, it is observed that sterilization of the LDPE bottles and droppers by 
ethylene oxide ts a superior treatment for Ketotifen 0.025% Eye Drops. It should be 
emphasized that the containers will only be used when residual ethylene oxide has fallen 
below the 1 ppm level (e.g. ventilation of the containers for about two weeks after ETO 
exposure (treatment)). The HDPE closures might sffiJ be stertQzed by gamma irradiation 
since they are not in contact with the eye drops. 
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Sample 


1 


II 


III 


IV 


V 


0-vahie: 












pH 


5.28 


5.28 


5.25 


5.40 


5.42 


Osmotefity (mOsmoO 


238 


238 


240 


241 


244 


%ketotilen 


100.2 


100.2 


99.6 


993 


102.4 


% degradation product 1 


ad. 


ad- 


at 


ad. 


ad. 


% degradation product It 


ad. 


ad. 


0.05 


ad. 


ad. 


RtnMUi teatat80-C. IS 
























pH 


S.2 


4.83 


4.75 


6.22 


524 


OsmoJaSty (mQsrnol) 


241 


244 


241 


241 


248 


% kstotifen 


983 


81.6 


88.6 


943 


97.7 


% degradation product 1 


-035 


-1.4 


1-2 


ad. 


ad 


% degradation product II 


-0.1 


-32 


2.6 


ad. 


n.d. 



Legend: 

Sample I: Freshly prepared eye drops filled in untreated PE bottles. 

Sample II: Freshly prepared eye drops filled in gamma irradiated (40 kQy) PE bottles. 

Sample 111: Freshly prepared eye drops being subsequently stored at 5°C for several days, 

fOled In gamma irradiated (at least 25 kGy) PE bottles. 
Sample IV: Freshly prepared eye drops asepticairy filled in ETO sterilized PE bottles. 
Sample V: Repetition of IV. 

Degradation product I and II respectively denote ketottten N-oxIde which is an oxidation 
product of ketoHfea It exists m form of two dastereomefs with the same stoichiometric 
formula. 

% denotes total weight % 

ad. means: not detectable; below limit of detection 

n.L means: not determinable; above limit of detection, but below Emit of quantitation 

The HPLC method has been shown to be selective for ketotifen hydrogen fumarate as wet] 
as to aD the following known Impurftles which might possibly be found in the eye drops as 
follows: 
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Sherf life stability: 

The finished product, ketotifen 0.025 % oyo drops stored In ETO stenTized PE containers, 
exhibit an improved stability compared with that of ketotifen 0.025 % eye drops stored in 
gamma Irradiated PE containers (sample III). The results demonstrate the good stability of 
ketotifen 0.025 % eye drops for 12 months when stored at temperatures up to 25 °C. 

Conclusion: 

Sterilization of the containers by ethylene oxide is the method of choice since gamma 
irradiation was shown to be detrimental to the etabflrry of the solution. 
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Clalms 



1 . Method to Improve the stability of a pharmaceutical composition which is sensitive towards 
oxidation, comprising the steps of: 

- exposing en empty PE, PP and/or PET container to ethylene oxide (ETO) at room 
temperature, at a concentration and for a time sufficient to achieve sterility, 

- removing said ETO from said container under aseptic conditions for a period sufficient to 
achieve an ETO content of less than 1 ppm, 

- transferring under aseptic conditions a pharmaceutical composition Into said sterilized 
container, and 

- closing said container comprising said pharmaceutical composition with a closing device. 

2. Method of claim 1 , wherein said pharmaceutical composition is an aqueous ophthalmic 
composition. 

3. Method of daim 1 , wherein said container is a LDPE and/or HOPE container, more 
preferably a LDPE container, and fn particular a LDPE container. 

4. Method of daim 1 , wherein said pharmaceutical composition comprises a 
pharmaceutical^ active ingredient selected from the group consisting of diclofenac, 15-keto- 
latanoprost, ketorolac, ketotifen, latanoprost, levobunoiol. levocabastlne, ofloxadn, 
pilocarpine, polymyxin B, prednisolone, raUntrfc add, retlnol. retinoi acetate, retinol palmltate, 
tetracycline, unoprostone bopropyl, and pharmaceutical^ acceptable salts thereof. 

5. Method of claim 1 , wherein said ETO is removed air diffusion and/or by flushing said 
container asepticafly with a gas selected from nitrogen, argon, carbon dioxide, air and 
preferably with nitrogen. 

6. Method of daim 1 or 6, wherein said ETO is removed for a period of 1 - 20 days, 
preferably 5-15 days, and more preferably for 6 - 10 days. 

7. Method of claim 1. wherein said container Is exposed to ETO for a period of 0.5 - 24 hrs, 
preferably 2 - 15 hra and more preferably for a period of 3 - 12 hrs. 
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8. Method of claim 1, wherein saJd ETO contains 25% (vol. f vol. et room temperature) 
nitrogen, more preferably 50% and In particular 75% nitrogen and/or carbon cBoxWe. 

9. Method of dalm 1 , wherein the closing device is sterilized via gamma irradiation. 

10. A process for the production of a stable pharmaceutical composition In a container, 
comprising the steps of: '* 

a) sterilizing a container. In particular a PE and/or PP containsr, with ethyl en© oxide (ETO) at 
room temperature, at a concentration and for a time sufficient to achieve steri&ty, 

b) removing said ETO from said container under aseptic conditions for a period sufficient to 
achieve en ETO content of less than 1 ppm, for example under air diffusion conditions, 

c) transferring under aseptic conditions a pharmaceutical composition into said sterilized 
container, and 

d) closing said container comprising said pharmaceutical composition with a closing device. 

1 1. A process of claim 10. wherein said closing device is sterilized via gamma Irradiation. 

12. Use of an ETO (ethylene oxide) sterilized PE. PP and/or PET container to Improve the 
stability of an aqueous pharmaceutical composition, In particular to improve the stability of a 
composition being susceptible to oxidative degradation. 
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